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Abstract
The purpose of this study was to determine the reliability and validity of the 30-15
Intermittent Field Test (30-15IFT) with and without a ball and to determine differences across
these two methods in female soccer players. Twenty-four collegiate female soccer players
participated in this study (19.46 ± 1.22 years; 167.01 ± 7.23 cm; 60.95 ± 7.84 kg). Players
performed one trial of the Yo-Yo Intermittent Recovery (YYIR) test, three trials of the 30-15IFT,
and three trials of the 30-15IFT with a ball (30-15IFT-B), separated by a minimum of 48 hours.
Maximal intermittent running velocity (VIFT), heart rate at exhaustion (HRpeak), and rating of
perceived exertion (RPE) were collected. Interclass correlation coefficients (ICCs) demonstrated
good reliability during the 30-15IFT in VIFT (ICC = 0.88) and HRpeak (ICC = 0.89), as well as in
the 30-15IFT-WB VIFT (ICC = 0.83) and HRpeak (ICC = 0.87). Results showed differences between
VIFT, HRpeak, and RPE between trials 30-15IFT and 30-15IFT-B (p < .05). Significant differences
were shown in mean VIFT scores between trials 1 and 2 (p < .001) and trials 1 and 3 (p < .001).
Estimated maximal oxygen consumption (VO2max) of YYIR and estimated VO2 max of 30-15IFT
and 30-15IFT-WB was very strongly (r = 0.82) and strongly (r = 0.68) correlated. In conclusion,
the 30-15IFT was deemed valid and reliable and the 30-15IFT-B was reliable in female soccer
players.

Table of Contents
I. Introduction ............................................................................................................................. 1
Specific Aims .................................................................................................................... 3
II. Literature Review ................................................................................................................... 4
Physiological Demands of Soccer ...................................................................................... 4
Aerobic Demands of Soccer .............................................................................................. 4
Anaerobic Demands of Soccer........................................................................................... 6
Accelerations and Decelerations in Soccer......................................................................... 7
Tools for Assessment of Work in Soccer ........................................................................... 8
The Use of Technology in Assessing the Demands of the Game ........................................ 8
Purpose of Field Testing .................................................................................................... 9
Soccer Specific Field Tests .............................................................................................. 10
30-15 Intermittent Field Test ........................................................................................... 11
The Role of Field Testing in Talent Identification............................................................ 12
Grit Scale and Talent Identification ................................................................................. 12
30-15 Intermittent Field Test with a Ball ......................................................................... 13
III. Methods .............................................................................................................................. 15
Subjects ........................................................................................................................... 15
Measures ......................................................................................................................... 16
Procedures ....................................................................................................................... 16
Statistical Analysis .......................................................................................................... 18
IV. Manuscript .......................................................................................................................... 19
Abstract ........................................................................................................................... 20
Introduction ..................................................................................................................... 21
Methods .......................................................................................................................... 23
Results ............................................................................................................................ 27
Discussion ....................................................................................................................... 29
Practical Applications ...................................................................................................... 34
Tables.............................................................................................................................. 36
Figures Legends .............................................................................................................. 38
Figures ............................................................................................................................ 39
Additional Findings ......................................................................................................... 43

Limitations ...................................................................................................................... 45
Suggestions for Future Research ...................................................................................... 45
Additional Tables ............................................................................................................ 46
Additional Figures ........................................................................................................... 47
V. Discussion ............................................................................................................................ 50
VI. References .......................................................................................................................... 52
VII. Appendix ........................................................................................................................... 61
A. Expediated Approval from the Institutional Review Board.......................................... 61
B. Permission to Use the 30-15IFT Graphic and Protocol .................................................. 62

I. Introduction
The association of football is the most popular sport in the world in terms of the numbers
of participants and spectators (119). As popularity continues to grow, the amount of money and
time invested in talent identification at the youth level continues to rise as clubs seek to become
more competitive (55, 121). However, assessing and quantifying talent in soccer is elusive.
Soccer performance is multifaceted with physical, technical (individual skills), and tactical
(interactions with others) components that are critical for success (58). Moreover, the game of
soccer is evolving, resulting in greater speed of play over time. The changing demand of the
game requires players to have greater skill, speed, and decision-making abilities (118).
The need for objective evaluation of talent continues to be of particular interest to clubs,
coaches, and researchers. In recent years, youth soccer academies opened world-wide in order to
create homegrown talent that cultivates technical, tactical, physiological and socio-psychological
abilities for their respective clubs (79, 103). Within these soccer academies, the importance of
periodic fitness testing has gained acceptance and incorporated practice (89). One study
demonstrated differences between more successful and less successful youth soccer players
using VO2max and anaerobic power (61). Longitudinal data of older adolescent male academy
players determined that those with higher linear speeds and greater intermittent aerobic
endurance were more likely to obtain ‘professional’ contracts compared with adolescents who
were slower and had aerobic endurance (45). Furthermore, recent research has demonstrated a
predictive value of sprint and repeated sprint ability, change of direction speed, and endurance in
potential career advancement in youth players (83). Additionally, high-level youth perform better
than lower-level peers on measures of technical ability including dribbling, passing, and shooting
(117). However, all of these indicators focus on one aspect of soccer performance. The complex
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relationship between physical, tactical, and technical elements of soccer may be more essential to
performance than a series of isolated assessment batteries (58). There is a growing need for a
multi-faceted tool for assessment and talent identification (13). In more recent years, an
intermittent field test was created by Martin Buchheit called the 30-15 Intermittent Field Test
(30-15IFT) and it was designed to create individualized training protocols. Along with
individualized training protocols, it claims to be able to capture maximal aerobic function,
anaerobic capacity, neuromuscular and change of direction (COD) qualities, inter-effort recovery
abilities, repeated-sprint abilities, and estimate a subject’s VO2max (18, 20, 21). The ability of
this test to potentially assess multiple physiological characteristics within one test is useful for
talent identification but continues to only consider the physical component necessary in soccer
performance. The addition of dribbling a soccer ball while performing the 30-15IFT creates a
technical and physical component that mirrors the complex relationships that are at play in
soccer performance and creates a potentially useful tool in assessment and talent identification.
The purpose of this study is to determine the reliability and validity of the 30-15IFT, the reliability
of the 30-15IFT with a ball (30-15IFT-B), and to determine the differences between these two
methods.
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Specific Aims
Aim #1: Determine the reliability of the 30-15IFT and the 30-15IFT-B between multiple trials.
Research Hypothesis #1: The 30-15IFT and the 30-15IFT-B will be a reliable measure.
Aim #2: Determine the validity of the 30-15IFT in women’s soccer players.
Research Hypothesis #2: The 30-15IFT will prove to be a clinically valid measure of work.

Aim #3: Determine the differences between the 30-15IFT and the 30-15IFT-B in VIFT, HRpeak, and
RPE.
Research Hypothesis #3: The 30-15IFT will differ from 30-15IFT-B in VIFT, HRpeak, and RPE.
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II. Literature Review

Physiological Demands of Soccer
Soccer is physically demanding due to the intermittent nature of the work required and it
involves the cardiovascular, muscular, and nervous systems (8). Similarly, movement patterns in
soccer involve wide variability and include jumping, cutting, tackling, and sprinting in highintensity bouts intermittently that need to be sustained for 90 minutes in both women and men
(49, 97).
Aerobic Demands of Soccer
It has been well established that players cover an average of 11 km in a soccer match (11,
17, 37). The average distance covered in a match setting can change relative to playing position.
It has been observed that midfielders cover a greater distance than attackers and defenders (39,
49, 73).
Due to the intermittent nature of soccer, estimating the total metabolic demand of match
play through distance covered is not always reliable. The total energy expenditure may be better
reflected in a combination of measurements including heart rate (HR), rectal temperature, muscle
glycogen use, and fluid loss (11). The relationship between HR and VO2max has allowed
researchers to estimated what percentage of aerobic sources contribution to match play (97).
Based on these measures, energy contributions from aerobic sources can be projected to be 70%
of maximal oxygen uptake for elite male players and is characterized by movement of players
without the ball (8). Within elite females, the average oxygen uptake (VO2) in match play is
estimated to be 77-80% of VO2max with peak values at 96% VO2max (66).
Aerobic fitness impacts a player’s time to fatigue and the ability to maintain work
towards the end of a game (96). A greater VO2max is associated with a higher number of sprints,
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distance covered, and involvement with the ball in a match (53, 101). Furthermore, the demand
for aerobic fitness varies between player position and playing status in both men and women
(101, 114). For maximal oxygen intake, elite male players have demonstrated mean values
between 56 and 69 mL × kg-1× min-1 (99) while elite women have demonstrated a mean value
range of 49 to 58 mL × kg-1× min-1 (36). In men, variations in VO2max capacities may be due to
playing position with midfielders and outside backs demonstrating the highest maximal oxygen
capacity (>60 mL× kg-1× min-1) and greater performances on intermittent exercise tests (99).
Within women, midfielders generally have greater VO2max levels (60) and midfielders can be
differentiated from defenders (120) based on this variable (52). In one study measuring female
match performance, a positive correlation was found between VO2max and high-intensity
running during a game, unlike their male counterparts (66). It is speculated that this may be due
to a lower anaerobic capacity in elite female players compared to males (71, 109) and therefore
aerobic capacity may be an important factor in determining high-intensity running in match
settings for female players (66). Not only does greater aerobic fitness impact an individual’s
ability to perform work, it has also demonstrated a potential impact in match results. One study
looking at teams within an elite league proposed a relationship between final league ranking and
VO2max capacity, with higher ranked teams have greater VO2max capacities than those of lower
rank (123).
While endurance performance can be reflected by the ability of an individual to do
sustained work at a certain percentage of VO2max, it has also been linked with the blood lactate
response (33). In elite Danish soccer players that performed treadmill running, a higher VO2max
was observed at a given blood lactate concentration of 3 mmol × L-1 for full-backs and midfield
player than for central defenders and goalkeepers. Forwards had values between full-backs and
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midfield players, reflective of their VO2max determinants (8). However, once selected to an elite
squad, skill, performance, and competency in match settings will be of greater consequence
when comparing small differences between aerobic capacity between players (99).
Anaerobic Demands of Soccer
While the majority of soccer matches employ the aerobic energy system, there are
periods of the game that use the anaerobic pathway and are characterized as “on the ball”
moments in a game. These moments are critical because they usually involve moments within
the game that result in winning or losing possession, as well as scoring or conceding goals (99).
Anaerobic energy expenditure during match settings has been demonstrated through blood
lactate concentrations (LA), indicating ranges from 2 to 10 mmol × L-1 (67). An additional
energetic cost associated with dribbling a ball has been established through measured increased
ratings of perceived exertion and LA levels when carrying a ball (98). This change is most likely
due to variations in stride length and extra muscular energy exerted in controlling the ball (97). It
is important to note that anaerobic metabolism will most likely occur to a greater degree in adults
than in youth due to the delayed development of the anaerobic system (100). Several studies
have demonstrated that soccer players have higher anaerobic power than those of others sports
(124) and of individuals in their same age group (6). Greater anaerobic profiles are desired for
elite level players (99) and have been reflected positionally in goalkeepers, central defenders,
and strikers (95).
A critical factor in fatigue toward the end of a game is the depletion of muscle glycogen
stores due to anaerobic work performed in a game. As a result, those that have increased muscle
glycogen have demonstrated the ability to have a higher work-rate throughout a full game
compared to those who had lower muscle glycogen stores (107).
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Accelerations and Decelerations in Soccer
Accelerations and decelerations are a critical component in elite soccer and are high
energy-demanding activities, yet the methods for measuring or estimating the metabolic load in
these moments are lacking (87). Work by Di Prampero et al. (38) has attempted to quantify the
energy cost of acceleration through algorithms of video match analysis. It is theorized that the
energetic cost (EC) of accelerated running is similar to running uphill at constant speed (38) and
the EC of uphill running at a constant speed has already been described by Minetti et al. (81). It
is hypothesized that metabolic power (P) can be determined by multiplying EC by running speed
(v), therefore P = ECv (38). It is suggested that when velocity, accelerations, and decelerations of
players in match settings can be derived and metabolic power (P) can be assessed, a more
comprehensive understanding of match demands of soccer players can be formulated (76, 87). In
elite soccer matches, there is a decrease in both acceleration and decelerations (total number and
high intensity) between the first fifteen minutes of match play and the last fifteen minutes of
match play (105). In elite soccer training environments, significant differences between distances
covered at high-intensities and the estimated metabolic power have been demonstrated (50). It is
also important to note that the high metabolic demands do not only occur at high running speeds,
but can also occur at low running speeds when accelerations or decelerations are present (31,
86). Two studies have called into question the accuracy of P due to issues of reliability with GPS
technology for recording accelerations and decelerations (23, 24). Further assessment of P needs
to investigated as questions regarding its usefulness and accuracy in assessing energy cost have
arisen (26).
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Tools for Assessment of Work in Soccer
Significant research has been conducted to monitor the amount of work, or training load,
that an athlete experiencing in order to minimize injury, illness, or non-functional overreaching
(51). However, no definitive marker of training load has yet to be described in literature. When
training load is commonly being referred to in literature, it is often broken into two components:
external and internal load. Internal load monitoring tools include HR, perception of effort, blood
lactate, and training impulse. External load monitoring tools include power output measuring
devices and time-motion analysis (51).
The Use of Technology in Assessing the Demands of the Game
In recent years, player’s workload in match settings has been quantified through HR
monitors (2), rating of perceived exertion (RPE) (47, 59), and through GPS and semi-automated
camera systems (70, 94, 110).
HR measurements in soccer are an indirect measure of exercise intensity (46) and can be
useful as a measure of internal load (59). Average HR throughout a match in elite females was
recorded at 167 beats×min-1(66) and in a representative sample of men, 165 beats×min-1 (97).
When looking at match data of elite females, players had an average HR above 80% of peak HR
and similar aerobic requirements regardless of position (66). However, when defenders are
broken down into more specific roles of center and outside defenders, center defenders
demonstrate lower mean HR’s compared to outside defenders when evaluated over a single
season (90). HR is beneficial in providing an overall indicator of exercise intensity in match play
and to help identify high-intensity moments in combination with other technology in a match
(74).
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With improvements in wearable technology that includes integrated systems of heart rate
(HR), global positioning systems (GPS) and accelerometer (62), energy expenditure can be
estimated by measuring the total distance covered in a match in combination with other metrics
such as HR, accelerations, and decelerations, and high-intensity moments which are represented
by cruising or sprinting speeds (54, 97). These methods have allowed large data collection in
both match and training sessions. The intermittent nature of soccer changes the physical
requirement of soccer and, as a result, distanced covered at high speeds is a better indicator of
performance and physical load (40). Similarly, a primary discriminator of higher and lower
standards of play is the distance covered and the rate of fatigue during high intensity and
sprinting activities when measured in the same females (5). Not only does GPS assess distances
covered and speed of players, but modern GPS units incorporate accelerometers and HR to
create a more complete picture of the movement profile required in soccer (28). This technology
has been critical in assessing the metabolic demand of soccer in match settings (50).
Purpose of Field Testing
Due to the prolonged, intermittent nature of soccer and the alternating intensities of
match play, the ability to evaluate a player’s ability to recover quickly from high-intensity
exercise cannot be fully captured through measurements of aerobic or anaerobic capacity (99).
As a result, a variety of field tests have been created that imitate the movements of intermittent
sports in order to have a more sensitive measure of fitness level, predict match performance, and
gauge the effect of training (7-9, 12, 20, 25, 29, 63, 65, 66, 84, 93, 115). Similarly, field tests are
ideal in team settings because of the affordability, the ability to test multiple subjects
simultaneously, and the ability to use it frequently.
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Soccer Specific Field Tests
Over the years, several soccer-specific fitness and skill tests have been developed for
talent identification, to assess cardiovascular fitness, and as a tool to create individualized
training protocols. Fitness tests can be divided into laboratory tests and soccer-specific fitness
tests. While laboratory tests are reliable indicators of fitness level, field tests can mimic the
demands experienced with intermittent sports and can potentially provide a more clinically
relevant means of assessing a soccer player’s physical capacity (1). Two of the most common
soccer-specific field tests include the Yo-Yo Intermittent Endurance (YYIE) test (30) and the
Yo-Yo Intermittent Recovery (YYIR) test (10) and standards for both men and women and elite
and non-elite soccer players have been established (10, 16, 78, 82, 92). Furthermore, the YYIR
indicates physical match performance in elite male (65) and female soccer players (66). The
ability for players to cover distance at high intensity in match settings is associated with YYIR
test results (66). Because these field tests are widely used, articles describing anthropometric and
physiological predispositions for elite soccer often include the Yo-Yo field test results (35, 99).
In more recent years, soccer-specific tests have been created to assess the passing and
shooting skills of players (4). Other tests have been created to assess change of direction and
acceleration (72). In more recent years, soccer-specific agility, in combination with skill tests
have been created for both men and women (68). One test seeks to assess the aerobic capacity of
a player with a ball (56). The Hoff test is performed by dribbling through a ball through a circuit
(290m per lap) and the distance covered in 10 minutes is correlated with VO2max. One of the
primary purposes of this test is aerobic interval training for soccer that is game-like (56).
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30-15 Intermittent Field Test
The 30-15 Intermittent Field Test (30-15IFT) was developed as a field test that can be used
to individualized interval training protocols for athletes (20). Along with a tool for individualized
training protocols, the test was designed to capture maximal aerobic function, anaerobic
capacity, neuromuscular and change of direction (COD) qualities, inter-effort recovery abilities,
and repeated-sprint abilities (18, 20, 21). The final velocity that an individual completed in the
final stage determined a subject’s maximal aerobic velocity (VIFT), which can be used to find an
estimated VO2max (21). It has been demonstrated that changes as small as 1.0 km/h in VIFT are
meaningful in soccer (113). A high correlation between the running performance of individuals
in the 30-15IFT and the YYIR test has been demonstrated (27). Furthermore, the 30-15IFT
demonstrates discriminative ability between levels of competition with higher values being
associated with better teams and males reflecting higher values than females (21). Uses for the
test include the ability to create individualized interval training sessions, estimate overall athletic
fitness of players during season and changes throughout the season, and improve a players
profiling in addition to other physiological tests (21). This test is valid and reliable primarily in
males in handball, rugby, ice hockey, basketball, and soccer (18, 21, 22, 25, 34, 108). More
recently, the 30-15IFT was used to assess physiological characteristics in female soccer players at
the international level across different age brackets (U17, U20, and senior) in New Zealand. It
discriminated between age groups and between starters and nonstarters in VIFT and derived
VO2max (75). The 30-15IFT has been used within elite-level soccer in the United States with
baseline testing occurring in the national women’s soccer league (NWSL) and the US women’s
national team (personal communication; Leah Fortune and Aubrey Bledsoe).
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The Role of Field Testing in Talent Identification
Talent identification and development have been established in several sports, where
there are clear relationships between anthropometric, physiological and motor skills that play a
role in that sports success (15, 55). Many top-level soccer clubs have started assessing the
primary measures of performance to help identify talent at both the youth and elite levels (121).
Studies have demonstrated a difference between more successful and less successful youth
soccer players using VO2max and anaerobic power (61). However, identifying talent in soccer is
complex because there are several disconnected objective measures of performance (102).
Similarly, soccer is unique in that it does not require extraordinary outcomes in any oneperformance category, but requires reasonable competence within all areas (111).
Grit Scale and Talent Identification
A growing interest in the construct of grit has developed and is defined by psychologists
Duckworth, Peterson, Matthews, & Kelly (2007) as perseverance and passion for long-term
goals. The question that authors are seeking to answer is: “Why do some individuals accomplish
more than others of equal intelligence?” (42). While this question primarily deals with
intellectual talent, the construct of grit can apply across a multitude of disciplines. Studies have
demonstrated that grittier adults will pursue further education, cadets are more likely to complete
summer training at West Point (43), grittier children will engage in more deliberate practice for a
national spelling bee compared to their less gritty counterparts, (41) and youth soccer players
will invest greater amounts of time in soccer-specific activities relative to less gritty peers (69). It
has also been suggested that grittiness is a primary factor in sporting achievement, differentiating
between high sport achievers (individuals who had represented their clubs, country/region in
national or international levels of athletic competition) and low sport achievers (those who did

12

not participate in national or international competition) (44). What role grit has on soccer
performance is of particular when it comes to talent identification. It is hypothesized that the Grit
Scale could be used in talent identification due to longitudinal prediction and retention
information shown across a range of disciplines (43).
30-15 Intermittent Field Test with a Ball
There is a multidimensional relationship between i) physical, ii) technical (individual
skills), and iii) tactical (interactions with others) components of soccer performance (58).
Impellizzeri and Marcora (2009) created a theoretical model for soccer performance seen in
Figure 5. Because the majority of performance tests only implement one element of these
constructs, the ability to accurately assess or predict soccer performance is lacking. More recent
studies have identified the only differences between teams is not the difference in high-intensity
activities, but rather high-intensity activities occurring with a ball (91). Therefore, it has been
suggested that the physical component, in combination with the technical aspect is a better
predictor of soccer performance (58). The need to develop a test that measures variables relevant
to soccer performance in a multi-faceted way is important to the future of talent identification.
The addition of a soccer ball to the 30-15IFT is potentially ideal for talent identification for
several reasons. This test has claimed that it can assess multiple factors including maximal
aerobic function, anaerobic capacity, neuromuscular (determining maximal sprinting speed and
muscle explosive power) and change of direction (COD) qualities, inter-effort recovery abilities,
and repeated-sprint abilities (18, 20, 21). The addition of the ball allows for a measure of
technical ability due to the necessary ball control to change directions quickly, explode out of
turns, and the need to carry the ball at high speeds near the end of the test. It is hypothesized that
those that are extremely skillful, yet lack a strong aerobic and anaerobic profile will not get to the
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higher stages of the test. Similarly, those who have a strong aerobic and anaerobic profile, yet
lack the technical ability to perform the necessary skills at higher levels, will not progress to the
highest stages of the test. Therefore, theoretically, those that possess the ability to meet the
demands of the 30-15IFT test at the highest levels both physiologically and technically mirror the
profile of elite performers. Furthermore, it is hypothesized that those that obtain the highest
levels on the 30-15IFT with a ball will differentiate between playing positions with goalkeepers
and center defenders achieving the lowest scores and midfielders and forwards scoring the
highest. The purpose of this study is the determine the reliability and validity of the 30-15IFT, the
reliability of the 30-15IFT-B, and to determine the differences across these two methods in female
soccer players.
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III. Methods

Subjects
Twenty-four collegiate female soccer players (19.46 ± 1.22 years; 167.01 ± 7.23 cm;
60.95 ± 7.84 kg; 13.75 ± 2.69 years of soccer playing experience) were recruited to participate in
this randomized crossover counterbalanced design study organized in blocks. Exclusionary
criteria included anyone that did not have medical clearance or was not cleared by the athletic
training staff. Similarly, if participants experienced injuries over the course of the three-week
testing period, they were removed from trials. As a result, five injured participants were removed
from the study and 19 of the 24 participants completed testing procedures. In this study
participants performed the Yo-Yo Intermittent Recovery (YYIR) test (10) one time, and the 3015IFT and 30-15IFT with a ball (30-15IFT-B) three times. All sessions were completed within a
three-week period and were separated by a minimum of 48 hours to minimize fatigue. All
sessions were performed on the same grass field. Written informed consent was obtained from
each participant after a thorough explanation of the procedures was outlined detailing the
potential benefits and risks of participation in this study. Participants were allowed to withdraw
at any time without consequences. The University’s Institutional Review Board for Research
with Human Subjects approved this study. Every participant first completed one trial of the
YYIR test as part of their pre-season soccer season testing. After the initial YYIR test, each
participant was randomly assigned to a group with or without a ball. Once assigned to a group,
the individual completed three trials of the 30-15IFT and the 30-15IFT-B to assess the potential for a
learned effect.
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Measures
The following measures were collected prior to testing. Participants self-reported grit
through the 12-Item Grit Scale in which the maximum score on the scale is 5 (high grit) and the
lowest score on the scale is 1 (low grit). This measure was created by Duckworth, Peterson,
Matthews, & Kelly and grit was defined as perseverance and passion for long-term goals (42).
Participants self-reported their soccer playing experience describing the age they began playing
soccer, the number of total years participating in soccer, and the type of leagues or clubs played
in. During the test, heart rate (HRpeak) was measured in the YYIR and the 30-15IFT using a HR
monitor (Timex Run Trainer 2.0, Middlebury, Connecticut) consisting of a chest strap with an
embedded recording device and a watch that each participant wore. Each participant reported
their rating of perceived exertion (RPE) on a 6-20 scale at the end of each trial (14). A final
velocity (VIFT) that was determined by the last completed stage of the test was recorded for each
participant. The test speed begins at 8.0 km×h-1 and increases by 0.5 km×h-1 (21). Each trial was
recorded with a handheld video recording device. After the completion of all trials, film of each
participant’s recording was reviewed to measure the number of touches of the soccer ball that
each participant took for each level of the test.

Procedures
Familiarization:
Prior to testing, participants were familiarized with the testing procedures through verbal
explanation and provided the opportunity to hear and practice a sound recording that would pace
participants through a series of incremental runs. This sound recording is internet-based through
the 30-15IFT application on an iPhone and standardized. Multiple participants performed each test
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at the same time to ensure that competition and motivation were present in each trial. Once each
participant confirmed that they understood the testing procedures, a uniform 10-minute standard
warm-up was employed that included jogging, high knees, butt kicks, side shuffles, carioca, Askips, squats, walking lunges, hip rotations (internal/external), and buildup shuttles for 20m three
times (50, 70, 90% effort).
The 30-15IFT consists of 30s incremental shuttle runs followed by 15s of passive recovery
periods. Participants travel back and forth between two lines that are 40m apart and the pace is
set by a pre-recorded audio signal. The velocity of the test starts at 8 km×h-1 and increases by 0.5
km×h-1 after a full 45s stage that includes 30s of running and 15s of passive recovery (20). At the
end of each 30s stage, participants walked to the next closest line in front of them (located a 0m,
20m, and 40m) as part of a passive recovery (Figure 1). Participants complete as many stages as
possible until exhaustion or until participants cannot reach the 3m zone located before each line
on 3 consecutive occasions. The 30-15IFT-B uses the same protocol as the 30-15IFT protocol with
the exception of the addition of a soccer ball to dribble through each stage of running. The 3015IFT was modified to account for both the physical and technical component required for
performance in soccer. Similar to the original protocol, both the participants and the ball must be
within or beyond the 3m zone when the beep sounds in order to achieve that portion of the test.
Lastly, a 1m turning zone was created for the ball beyond the 3m zone of lines A and C that
participants were asked to keep the ball within. This was created by laying another set of cones
m beyond lines A and C (Figure 1).
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Statistical Analysis
All statistical analyses were conducted utilizing SPSS version 26 (IBM Corporation,
Armonk, NY) with an a priori alpha value of .05 for all omnibus tests. Normality was assessed
via Shapiro-Wilks test. Based on a .80 power calculation with α of 0.05, with a moderate affect
size, partial h2 = 0.06, it was determined that 19 participants would be sufficient to complete this
study. Intraclass correlation coefficient (ICC), absolute-agreement, 2-way mixed-model effect
with 95% confidence intervals were used to assess reliability among trials of the 30-15IFT and 3015IFT-B using VIFT scores and HRpeak measures using guidelines outlined by authors Koo and Li
(64). Two-way (technical x trial) repeated-measures analysis of variance (ANOVA) tests were
used to assess average differences for each of the following dependent variables: VIFT scores,
average HRpeak, and RPE. The within-subject factors included a technical element of two levels,
30-15IFT and 30-15IFT-B and trial with three levels (trial 1, trial 2, and trial 3). The effects of
interest were the Technical main effect, Trial main effect, and Technical X Trial interaction
effect. When sphericity was violated, Greenhouse-Geisser corrections to the degrees of freedom
were used in the omnibus tests. Post-hoc analyses involved pairwise comparisons with an
appropriate Bonferroni corrected alpha to identify significant pairwise differences. A Pearson
correlation coefficient (r) was calculated between grit score. A Pearson coefficient correlation
was also calculated between the estimated VO2max YYIR test and the participants that ran the
first trial of the 30-15IFT (n = 9) and 30-15IFT-B (n = 10). All data are reported as mean ± SD.
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Abstract
The purpose of this study was to determine the reliability and validity of the 30-15
Intermittent Field Test (30-15IFT) with and without a ball and to determine differences across
these two methods in female soccer players. Twenty-four collegiate female soccer players
participated in this study (19.46 ± 1.22 years; 167.01 ± 7.23 cm; 60.95 ± 7.84 kg). Players
performed one trial of the Yo-Yo Intermittent Recovery (YYIR) test, three trials of the 30-15IFT,
and three trials of the 30-15IFT with a ball (30-15IFT-B), separated by a minimum of 48 hours.
Maximal intermittent running velocity (VIFT), heart rate at exhaustion (HRpeak), and rating of
perceived exertion (RPE) were collected. Interclass correlation coefficients (ICCs) demonstrated
good reliability during the 30-15IFT in VIFT (ICC = 0.88) and HRpeak (ICC = 0.89), as well as in
the 30-15IFT-B VIFT (ICC = 0.83) and HRpeak (ICC = 0.87). Results showed differences between
VIFT, HR, and RPE between trials 30-15IFT and 30-15IFT-B (p < .05). Significant differences were
shown in mean VIFT scores between trials 1 and 2 (p < .001) and trials 1 and 3 (p < .001).
Estimated maximal oxygen consumption (VO2max) YYIR and estimated VO2max of 30-15IFT
and 30-15IFT-B was very strongly (r = 0.82) and strongly (r = 0.68) correlated. In conclusion, the
30-15IFT was deemed valid and reliable and the 30-15IFT-B was reliable in female soccer players.

Key Words: 30-15 Intermittent Fitness Test, soccer, cardiorespiratory fitness, talent
identification, technical skill
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Introduction
The physical demands of soccer are complex due to the intermittent nature of the game
(8). With periods of sprinting, cutting, tackling, jumping, and kicking, interspersed with periods
of walking and jogging, these physical demands are coupled with a necessary technical
(individual skill), and tactical (interactions with others) skills (49, 57). Success in soccer requires
the effective application of all three of these areas; the physical, technical, and tactical.
In recent years, practitioners have sought to identify the key anthropometric,
physiological, psychological, and technical components to develop a systematic approach to
talent identification (102, 122). Academy systems have been developed around the world in
hopes of identifying and cultivating soccer talent from a young age (80, 103). Acceptance of
periodic fitness testing in academies has grown and can occur up to three or four times a year
depending on age (88, 106). Several researchers have demonstrated differences between those
that are more successful (achieving professional contracts or higher level academy teams) and
less successful through the evaluation of VO2 max and anaerobic power (61), assessment of high
linear speeds and intermittent aerobic endurance (45), as well as sprint and repeated sprint
ability, change of direction speed, and endurance (83). Similarly, technical differences were
demonstrated in high-level youth regarding dribbling, passing, and shooting (116). Many of
these procedures are singular in their approach to sports science and only deal with one aspect of
soccer-specific performance (57).
A wide range of field tests have been created to capture fitness levels while emulating the
movements of intermittent sports (20, 63, 65, 78, 82, 84, 93, 115). Similarly, several field-based
tests that focus on the technical (individual skill) component have been created as a useful
assessment of soccer ability (3, 102, 104, 112). However, identifying talent in soccer is complex
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because there are several disconnected objective measures of performance (102). Soccer is
unique in that it does not require extraordinary outcomes in any one-performance category, but
requires reasonable competence within all areas (111). There is a growing need for a
multifaceted, integrated tool that is relevant to the demands of soccer performance (13). The
Hoff test, performed by dribbling through a ball circuit (290m per lap), seeks to predict VO2max
by measuring the distance covered in 10 minutes (56). However, the primary purpose of this test
is not talent identification, but rather for aerobic interval training in soccer that is game-like (56).
In more recent years, an intermittent field test was created by Martin Buchheit; the 30-15
Intermittent Field Test (30-15IFT). This was designed to create individualized training protocols
based on test results. Along with individualized training protocols, some claim that the 30-15IFT
can capture maximal aerobic function, anaerobic capacity, neuromuscular and change of
direction (COD) qualities, inter-effort recovery abilities, repeated-sprint abilities, and estimate
VO2max (18, 20, 21). The 30-15IFT has been validated in female handball players and basketball
players (19, 21), elite ice hockey (25), male rugby (108), male semi-professional soccer players
(113), and in elite female soccer players (34). The ability of this test to potentially assess
multiple physiological characteristics within one test is useful for talent identification but only
accounts for the physical components necessary in soccer performance. Coaches and strength
and conditioning professionals are in need of a tool that simultaneously emulates a technical
component that is required of soccer players. The addition of dribbling a soccer ball while
performing the 30-15IFT generates a technical and physical component that mirrors the complex
relationships involved in soccer performance and creates a potentially useful tool in assessment
and talent identification. The purpose of this study was to determine the reliability and validity of
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the 30-15 Intermittent Field Test with and without and to determine differences across these two
methods in female soccer players.

Methods
Experimental Approach to the Problem
In this study participants performed the Yo-Yo Intermittent Recovery (YYIR) test (10)
one time, and the 30-15IFT and 30-15IFT with a ball (30-15IFT-B) three times. All sessions were
completed within a three-week period and were separated by a minimum of 48 hours to
minimize fatigue. All sessions were performed on the same grass field.
Participants
Twenty-four collegiate female soccer players (19.46 ± 1.22 years; 167.01 ± 7.23 cm;
60.95 ± 7.84 kg; 13.75 ± 2.69 years of soccer playing experience) were recruited to participate in
this randomized crossover counterbalanced design study organized in blocks. Exclusionary
criteria included anyone that did not have medical clearance or was not cleared by the athletic
training staff. Similarly, if participants experienced injuries over the course of the three-week
testing period, they were removed from trials. As a result, five injured participants were removed
from the study and nineteen of the twenty-four participants completed testing procedures.
Written informed consent was obtained from each participant after a thorough explanation of the
procedures was outlined detailing the potential benefits and risks of participation in this study.
Participants were allowed to withdraw at any time without consequences. The University’s
Institutional Review Board for Research with Human Subjects approved this study. Every
participant first completed one trial of the YYIR test as part of their pre-season soccer season
testing. After the initial YYIR test, each participant was randomly assigned to a group with or
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without a ball. Once assigned to a group, the individual completed three trials of the 30-15IFT
and the 30-15IFT-B to assess the potential for a learned effect.

Measures
The following measures were collected prior to testing. Participants self-reported their soccer
playing experience describing the age they began playing soccer, the number of total years
participating in soccer, and the type of leagues or clubs played in. During the test, heart rate
(HRpeak) was measured in the YYIR and the 30-15IFT using a heart rate monitor (Timex Run
Trainer 2.0, Middlebury, Connecticut) consisting of a chest strap with an embedded recording
device and a watch that each participant wore. Each participant reported their rating of perceived
exertion (RPE) on a 6-20 scale at the end of each trial (14). A final velocity (VIFT) that was
determined by the last completed stage of the test was recorded for each participant. The test
speed begins at 8.0 km×h-1 and increases by 0.5 km×h-1 (21). Each trial was recorded with a
handheld video recording device. After the completion of all trials, film of each participant’s
recording was reviewed to measure the number of touches of the soccer ball that each participant
took for each level of the test.

Procedures
Familiarization:
Prior to testing, participants were familiarized with the testing procedures through verbal
explanation and provided the opportunity to hear and practice a sound recording that would pace
participants through a series of incremental runs. This sound recording is internet-based through
the 30-15IFT application on an iPhone and standardized. Multiple participants performed each test
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at the same time to ensure that competition and motivation were present in each trial. Once each
participant confirmed that they understood the testing procedures, a uniform 10-minute standard
warm-up was employed that included jogging, high knees, butt kicks, side shuffles, carioca, Askips, squats, walking lunges, hip rotations (internal/external), and buildup shuttles for 20m three
times (50, 70, 90% effort).
The 30-15IFT consists of 30s incremental shuttle runs followed by 15s of passive recovery
periods. Participants travel back and forth between two lines that are 40m apart and the pace is
set by a pre-recorded audio signal. The velocity of the test starts at 8 km×h-1 and increases by 0.5
km×h-1 after a full 45s stage that includes 30s of running and 15s of passive recovery (20). At the
end of each 30s stage, participants walked to the next closest line in front of them (located a 0m,
20m, and 40m) as part of a passive recovery (Figure 1). Participants complete as many stages as
possible until exhaustion or until participants cannot reach the 3m zone located before each line
on 3 consecutive occasions. The 30-15IFT-B uses the same protocol as the 30-15IFT protocol with
the exception of the addition of a soccer ball to dribble through each stage of running. The 3015IFT was modified to account for both the physical and technical component required for
performance in soccer. Similar to the original protocol, both the participants and the ball must be
within or beyond the 3m zone when the beep sounds in order to achieve that portion of the test.
Lastly, a 1m turning zone was created for the ball beyond the 3m zone of lines A and C that
participants were asked to keep the ball within. This was created by laying another set of cones
m beyond lines A and C (Figure 1).
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Statistical Analysis
All statistical analyses were conducted utilizing SPSS version 26 (IBM Corporation,
Armonk, NY) with an a priori alpha value of .05 for all omnibus tests. Normality was assessed
via Shapiro-Wilks test. Based on a .80 power calculation with α of 0.05, with a moderate affect
size, partial h2 = 0.06, it was determined that 19 participants would be sufficient to complete this
study. Intraclass correlation coefficient (ICC), absolute-agreement, 2-way mixed-model effect
with 95% confidence intervals were used to assess reliability among trials of the 30-15IFT and 3015IFT-B using VIFT scores and HRpeak measures using guidelines outlined by authors Koo and Li
(64). Two-way (technical x trial) repeated-measures analysis of variance (ANOVA) tests were
used to assess average differences for each of the following dependent variables: VIFT scores,
average HRpeak, and RPE. The within-subject factors included a technical element of two levels,
30-15IFT and 30-15IFT-B and trial with three levels (trial 1, trial 2, and trial 3). The effects of
interest were the Technical main effect, Trial main effect, and Technical X Trial interaction
effect. When sphericity was violated, Greenhouse-Geisser corrections to the degrees of freedom
were used in the omnibus tests. Post-hoc analyses involved pairwise comparisons with an
appropriate Bonferroni corrected alpha to identify significant pairwise differences. Pearson
correlation coefficients (r) were used to evaluate the relations between estimated VO2max scores
from the previously validated YYIR test (65) and estimated VO2max scores from the first trial of
the 30-15IFT and 30-15IFT-WB conditions to determine validity. All data are reported as mean ±
SD.
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Results
Interclass Correlation Coefficients (ICC)
Reliability of VIFT scores 30-15IFT and 30-15IFT-B was assessed across multiple trials to
ensure consistency of VIFT scores over time and across measures. Reliability was considered
good (ICC between 0.75 and 0.90) between all trials of the 30-15IFT and 30-15IFT-B (Table 2).
Good reliability was found between trials 1 and 2, trials 2 and 3, and trials 1 and 3 for the 3015IFT. Moderate reliability (ICC between 0.50 and 0.75) was found between trials 1 and 2,
excellent reliability (ICC of 0.90 or greater) between trials 2 and 3, and good reliability between
trials 1 and 3 for the 30-15 IFT-B. ICC estimate values were evaluated using guidelines outlined by
authors Koo and Li (64).
VIFT Measures
The main effect of Technical on average VIFT scores was significant, F(1, 18) = 102.12, p
< .001; the effect size partial h2 = .85 indicated 85% of the variance in VIFT scores was accounted
for by Technical after controlling for Trial and their interaction. Thus, average VIFT scores were
significantly higher for 30-15IFT (M = 17.52) than for 30-15IFT-B (M = 15.82). The main effect of
Trial on average VIFT scores was significant, F(2, 17) = 13.14, p < .001 (Figure 2). The effect
size (partial h2 = .61) indicated the trial effect accounts for 61% of the variance in VIFT scores
after controlling for Technical and their interaction. Pairwise comparisons (a = 0.0167) revealed
significant differences in average VIFT scores between trials 1 (M = 16.26) and 2 (M = 16.79, p <
0.001) and between trials 1 and 3 (M = 16.95, p < 0.001), but no significant differences between
trial 2 and 3 (p = 0.35). The interaction effect of Technical X Trial on average VIFT scores was
not significant, F(2, 17) = .81, p = .09; partial h2 = .09.
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HRpeak Measures
The main effect of Technical on average HRpeak was significant, F(1, 18) = 6.44, p < .05
h2 = .26 indicated that 26% of the variance in HRpeak was accounted for by technical after
controlling for Trial and their interaction. Post hoc analyses indicated that average HRpeak 3015IFT (M = 192.54, SD = 5.36) was greater than average HRpeak 30-15 IFT-B (M = 190.42, SD =
5.13), t(18) = 2.54, p < .05 95% CI[0.37, 3.88]. The standardized effect size, d = 0.58, indicated
average HRpeak at exhaustion was 0.58 standard deviations higher for the 30-15IFT test than for
the 30-15 IFT-B test. The main effect of Trial on average HRpeak was not significant, F(2, 17) = .77,
p = .48, partial h2 = .08, which indicates no differences in HRpeak at exhaustion across trials
(Figure 2). The interaction effect of Technical X Trial on average HRpeak was not significant,
F(2, 17) = .56, p = .58, partial h2 = .06. Thus, the effect of Technical on average HRpeak was not
different across trials.
RPE Measures
The main effect of Technical on average RPE was significant, F(1, 18) = 12.30, p < .01
the effect size partial h2 = .41 indicated 41% of the variance in RPE scores was accounted for by
Technical after controlling for Trial and their interaction. Thus, average RPE scores were
significantly higher for 30-15IFT (M = 18.14) than for 30-15 IFT-B (M = 17.51). The main effect of
Trial on average RPE was significant, F(2, 17) = 9.13, p < .01 (Figure 2). The effect size (partial
h2 = .52) indicated the trial effect accounts for 52% of the variance in RPE after controlling for
Technical and their interaction. Pairwise comparisons (a = 0.0167) revealed a significant
differences in average RPE between trials 1 (M = 17.29) and 2 (M = 18.16) (p < 0.01) and
between trials 1 and 3 (M = 18.03) (p < 0.01), but no significant differences between trial 2 and 3
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(p = 0.99). The interaction effect of Technical X Trial on average RPE was not significant, F(2,
17) = 2.97, p = .08; partial h2 = .26.
Validity
Pearson correlation coefficients indicated a strong correlation (r = .82; n = 9) between
estimated VO2 max scores from the YYIR test and scores from the first trial of the 30-15IFT and a
moderate to strong correlation (r = .68; n = 10) between estimated VO2max scores from the
YYIR test and scores from the first trial of the 30-15IFT-B (Figure 3). The correlation among
VO2max scores were to assess the relationship of aerobic fitness measures between different
measures. All but one participant superseded 95% of their age predicted HRpeak in the 30-15IFT
and two participants in the 30-15IFT-WB, indicating participants are nearing maximal exertion at
the conclusion of the tests (Table 3).

Discussion
The present study is the first to describe the reliability and validity of the 30-15IFT in
female soccer players over multiple trials (> 2 trials) on a grass field and include a technical
soccer aspect to the 30-15IFT. The addition of a technical component (a ball) to the 30-15IFT
resulted in a difference between final VIFT, HRpeak, and RPE measures when compared to trials of
the 30-15IFT without a technical component.
Reliability Measures for 30-15IFT
A high degree of reliability between multiple trials of the 30-15IFT was in agreement with
previous studies that demonstrated reliability between two trials in male and female team sports
(25, 34, 108, 113). Results showed that VIFT scores increase on average from Trial 1 to 2 by 0.4
km×h-1 and from Trial 2 to 3 by 0.3 km×h-1 (Table 1 and Figure 2). Intermittent fitness tests prove
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useful when they demonstrate the ability to monitor and detect meaningful changes in
performance. Previous research has claimed that performance changes as low as one stage (± 0.5
km×h-1) are “real and meaningful” concerning the 30-15IFT (21, 34, 108). However, other studies
have not evaluated the variability of VIFT scores over two or more trials. This study is one of the
first to look at the 30-15IFT over three trials and assess the potential for incremental changes with
multiple exposures. The incremental increase between Trials 1 and 3 collectively was, on
average, greater than the previously identified minimal clinically important difference for the 3015IFT. The current findings suggest that learning may occur over several exposures of the 3015IFT, but these changes may not be meaningful between two trials of the 30-15IFT.
Reliability Measures for 30-15IFT-B
This was the first study to add the addition of a technical component to the 30-15IFT and a
high degree of reliability was found for VIFT and HRpeak measures between multiple trials of the
30-15 IFT-B (Table 1). VIFT scores of the 30-15IFT-B on average increased from trials 1 to 2 by a
VIFT score of 0.6 km×h-1 and from trials 2 to 3 by a VIFT score of 0.1 km×h-1 between trials (Table
2 and Figure 2). While the incremental increase between trials 1 and 3 collectively is 0.7 km×h-1,
it is notable that the majority of the change occurs between trials 1 and 2, with minimal change
occurring between trials 2 and 3. The high degree of change between Trial 1 and 2 suggest that
familiarization with the 30-15IFT-B at least one time is important in the final determination of the
test (Figure 2).
Validity of 30-15IFT
The YYIR and the 30-15IFT test has been specifically used in elite male and female soccer
players to identify intermittent aerobic fitness, estimate aerobic capacity (VO2max), and for
measuring HRpeak, (10, 19, 21, 34, 66, 113). Previous research has demonstrated a strong
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correlation between a treadmill VO2max and YYIR results in male (r = .71) (65) and female (r
=.83) (77) soccer players. Furthermore, a correlation has been established between a treadmill
VO2max and VIFT scores in elite women’s soccer players (r = .67) (34). We found a very strong
correlation between estimates of VO2max during the YYIR and the 30-15IFT (Figure 3).
Additionally, a high degree of reliability (ICC = .89) in HRpeak was demonstrated between trials
of the 30-15IFT, similar to other studies of the 30-15IFT in elite women’s soccer (ICC = 0.94) (34).
All but one participant did not exceed 90% of their age-predicted HRpeak in the 30-15IFT (Table
3), which suggests that the 30-15IFT is a useful measure for determining HRpeak (48).
30-15IFT-B Aerobic Performance
Previous research has demonstrated that a ball dribbling field test is correlated with
aerobic performance measures, but the relationship was not strong enough to predict VO2max
(32). Similarly, a strong correlation was established between estimated VO2max trials of the
YYIR test and the first trial of the 30-15IFT-B. On average, HRpeak was 2.12 b・min-1 lower in
trials of the 30-15IFT-B when compared to trials of the 30-15IFT (Figure 2). These findings
indicated that there is an important relationship between performance and aerobic fitness
measures. However, it was determined that HRpeak was significantly different between 30-15IFT
and 30-15IFT-B and a moderate effect size indicated that 26% of the variance in HRpeak was due to
a technical interaction effect. It is suggested that significant differences in HRpeak with and
without a ball are due to the inability for players to reach higher stages of the test due to the
technical element of controlling a ball.
Differences in relative rank order of HRpeak and mean VIFT scores across 30-15IFT and 3015IFT-B indicates that the addition of a ball to the 30-15IFT incorporates some form of further
complexity in the test. That is, in addition to the typical physical component, the involvement of
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a ball adds a technical component that may more closely approximate the complex relationships
of soccer performance.
Rating of Perceived Exertion
It has been established that an additional energetic cost is associated with dribbling a
soccer ball and this has been demonstrated through measures of RPE and blood lactate
concentrations levels (LA) (98). The increase in RPE and LA while dribbling when compared to
just running is most likely due to variations in stride length and extra muscular energy exerted in
controlling the ball (97). While this study was not able to take LA measures, it is notable that
RPE was significantly different between the two tests, with RPE on average higher in the 3015IFT when compared to the 30-15IFT-B. However, by trial three of the 30-15IFT-B, RPE measures
were closer to RPE measures taken during the third trial of the 30-15IFT (Figure 2). It is
hypothesized by the author that as greater understanding of the 30-15IFT-B over three trials
occurs, the participant’s ability to reach greater speeds in the test results in higher RPE measures.
It is noteworthy that players could not reach similar VIFT scores in trials of the 30-15IFT-B
compared to trials 30-15IFT, potentially impacting final RPE measures. However, if RPE
measures were attained at each stage of the 30-15IFT and 30-15IFT-B, it is hypothesized that RPE
would be higher at each similar stage of the 30-15IFT-B and 30-15IFT with the overall RPE being
lower at the conclusion of the 30-15IFT-B test due to limitations of technical ability.
Potential Usefulness of 30-15IFT-B
In female soccer players, the 30-15IFT has been regarded to be reliable, valid, and
practically useful to assess and monitor maximal aerobic fitness (HRpeak and VIFT) (34). The
author concludes that soccer players with a high aerobic profile, yet those lacking skill will
perform at a moderate level due to the additional work and skill required to control the ball while
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dribbling. Similarly, it is theorized that those with a low aerobic profile, yet with a high level of
skill will also perform at a moderate level due to aerobic capacity. However, those with
reasonable competence in both of these areas could perform at the greatest levels and therefore
be identified as potential talent. VIFT values of the 30-15IFT have been shown to discriminate
between players’ standard of play (best teams and players present the highest values) across a
variety of sports (21). The author hypothesizes that those with the smallest differences between
meaningful VIFT values of the 30-15IFT and 30-15IFT-B might be an indicator of talent in soccer
(Figure 4). For helpful reference points in elite women’s soccer, VIFT scores of 18.4 ± 1.00
(Under 17’s), 18.7 ± 0.90 (Under 20’s), and 19.2 ± 1.20 (Senior) were demonstrated for New
Zealand’s national teams (75). Another study looking at 17 well trained elite female soccer
players (with eight of the subjects playing for a senior national team) with an average age of 22.8
± 4.3 years, demonstrated VIFT values of = 17.1 ± 1.0 km×h-1; retest = 17.4 ± 0.9 km×h-1(34). On
average for women across a variety of sports, a VIFT of 18.0 + km×h-1 is reflective of those of elite
teams sports (handball and field hockey) (21). Therefore, the author determined a starting cut-off
point of 18.0 + km×h-1 for Quadrant D of Figure 4. In regards to a meaningful change score,
future research needs to be conducted. The author determined a starting cut-off point for change
score for VIFT occurs at 1.0 km×h-1 (2 stages) or less because of previous literature that had
determined real and meaningful changes occurred at 0.5 km×h-1 in women’s soccer players (34)
and 1.0 km×h-1 in men’s soccer players (113). Future research should explore the effectiveness of
the 30-15IFT-B and its ability to determine talent among different playing groups (elite and subelite), genders, ages and other sports.
Finally, it is suggested that the 1m zone beyond lines A and C discussed in the protocol
section are not necessary for the performance of the test. It was observed that the turning zone
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was not widely used by participants and was unnecessary. Therefore, the original protocol was
sufficient to perform the 30-15IFT-B (19).

Practical Applications
Coaches and strength and conditioning professionals can effectively use the 30-15IFT to
determine aerobic fitness profiles in elite women’s soccer and it can be used to prescribe
individualized training protocols. However, caution should be used in the application of the 3015IFT where participants are being evaluated on aerobic fitness standards, yet participants have
unequal knowledge of the protocol and have had repetitions of the 30-15IFT. A very practical
example of this would be in a collegiate preseason setting where incoming players are expected
to achieve pre-set standards. Within this setting, a senior has multiple exposures to 30-15IFT,
while incoming freshmen have not had repeated exposure to testing procedures. Since repeated
exposures to the test demonstrated incremental increases in VIFT scores, it would be important to
understand if players aerobic capacity is being assessed or if knowledge of the test impacts final
VIFT scores.
Moreover, the 30-15IFT performed while dribbling a soccer ball may be a useful tool in
assessment and talent identification in elite women’s soccer and was shown to be reliable. The
differences between the 30-15IFT-B relative to the 30-15IFT demonstrated that an additional
element besides fitness was measured, with one aspect of that including individual skill. As
coaches and practitioners look for a multifaceted tool to assess soccer talent, the 30-15IFT-B has
the potential to evaluate the effective application of two of the three areas necessary for soccer
performance; the physical and the technical. Furthermore, the potential application of the change
score in VIFT between trials of the 30-15IFT and the 30-15IFT-B in relation to 30-15IFT VIFT
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performances may be an important metric that allows coaches to quickly and easily identify
talent in a meaningful way (Figure 4). In settings with large numbers of players being evaluated
for placement or acceptance onto teams (club, collegiate, and professional), the ability to
categorize and evaluate players in an objective, cost effective manner is meaningful.
Further research should be conducted to determine the amount of variability that occurs
over multiple trials of the 30-15IFT and if repeated exposures of the 30-15IFT demonstrate a
general positive trend in scores. This would help answer the question if changes in VIFT scores
are a result of fitness changes or because of repeated exposure or other confounding factors.
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Tables
Table 1. Mean values (SD) of observations from the 30-15IFT and 30-15IFT-B
VIFT
RPE
HRpeak
Time 30-15IFT-B
30-15IFT *
30-15IFT-B
30-15IFT *
30-15IFT-B
30-15IFT *
T1
15.4 (1.1)
17.2 (1.2)
16.7 (0.9)
17.8 (0.9)
190.0 (5.4)
192.4 (6.1)
T2
16.0 (0.9)
17.6 (0.9)
17.8 (0.9)
18.6 (0.8)
190.0 (6.1)
192.8 (5.4)
T3
16.1 (0.8)
17.8 (1.0)
18.0 (1.0)
18.1 (1.1)
191.4 (5.7)
192.4 (6.2)
Note. 30-15IFT-B = trials performed while dribbling a soccer ball; VIFT = final velocity, expressed
in kilometers per hour, achieved during the 30-15IFT and 30-15IFT-B; RPE = rating of perceived
exertion; HRpeak = heart rate at exhaustion and is express as b・min-1. * Denotes a significant
main effect between conditions regardless of trial with VIFT (p < .001); RPE (p < .01); HRpeak (p
< .05).
Table 2. Measures of reliability for VIFT and HR for multiple trials of the 30-15IFT
and 30-15IFT-B.
ICC
30-15IFT
0.88
0.80
Trial 1-2
Trial 2-3
0.83
Trial 1-3
0.85
HRpeak
0.89
30-15IFT-B
0.83
0.74
Trial 1-2
Trial 2-3
0.90
Trial 1-3
0.68
HRpeak
0.87
Note. HRpeak = heart rate at exhaustion and is express as b・min-1.
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95% CI
0.69-0.95
0.47-0.92
0.56-0.93
0.04-0.96
0.77-0.96
0.56-0.93
0.15-0.91
0.75-0.96
0.04-0.88
0.73-0.95

Table 3. Age Predicted HR Max (90% and above) and Mean Values (SD) of HR of the
30-15IFT and 30-15IFT-B.
Subject
Predicted HR Max
Mean HR 30-15IFT
Mean HR 30-15IFT-B
180
1
193.7 (2.3)
189.3 (5.7)
181
2
203.3 (2.5)
198.0 (1.0)
180
3
192.3 (7)
183.7 (0.6)
182
4
190.7 (1.5)
184.0 (3.0)
182
5
194.3 (1.5)
192.0 (4.4)
180
6
183.0 (3.0)
184.3 (4.7)
181
7
194.7 (1.2)
194.3 (2.3)
181
8
195.0 (1.0)
198.3 (2.9)
180
9
192.3 (2.5)
191.0 (1.0)
181
10
193.7 (4.0)
192.7 (3.8)
178
11
194.0 (1.7)
187.7 (3.8)
181
12
191.7 (4.2)
188.7 (3.8)
178
13
190.7 (2.1)
191.7 (0.6)
182
14
200.7 (1.2)
192.0 (2.6)
179
15
194.7 (1.5)
196.7 (3.8)
182
16
188.3 (2.1)
186.7 (3.8)
182
17
192.7 (6.0)
194.3 (2.9)
180
18
194.0 (1.0)
193.0 (2.0)
181
19
*178.7 (1.5)
*179.7 (2.1)
* Individual who did not exceed above 90% of age-predicted HR max during trials of
the 30-15IFT and 30-15IFT-B.
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Figures Legends
Figure 1. A reproduction and explanation of the 30-15 Intermittent Fitness Test (30-15IFT) taken
from Buchheit (19). Authorization was obtained from the owner of the copyright. Area prepared
for the 30-15 Intermittent Fitness Test (30-15IFT) and example of 2 intermittent runs. For the run
at 8.5 km·h−1 (about 69.2 m in 30 seconds), subjects start at line A, run to line C crossing line B,
and then return. After crossing line B again, they stop after 8.5 m and walk to line A during the
15-second recovery to be ready for the next stage. For the run at 11.5 km·h−1 (about 91.2 m in 30
seconds), subjects start at line A, make one complete round trip, stop after 9.5 m when going
toward line B, and then walk to line B during the 15- second of recovery for the next start. Note
that calculation of targeted distances takes into account the time needed for the direction
changes.
Figure 2. Graphical representation of mean ( ± SD) over multiple trials of the 30-15IFT and 3015IFT-B. A) VIFT * indicates difference in main effects between trials 1 and 2 (p < .001) and 1 and
3 (p < .001). B) HRpeak did not significantly change between trials of 30-15IFT and 30-15IFT-B C)
RPE * indicates difference in main effects between trials 1 and 2 (p < .01) and 1 and 3 (p < .01).
Figure 3. A) Relationship between estimated VO2max of the YYIR and 30-15IFT (r = 0.82), n =
9. B) Relationship between estimated VO2max of the YYIR and 30-15IFT-B (r = 0.68), n = 10.
Figure 4. The X axis represent the average VIFT over three trials of the 30-15IFT compared with
the Y axis, change score, which represents the difference between the average VIFT of three trials
of the 30-15IFT and 30-15IFT-B. Quadrant A represents those with a low fitness and low skill
profile. Quadrant B represents those of a high fitness profile and low skill. Quadrant C represents
those with low fitness and high skill. Quadrant D represents those with high fitness and high
skill, the potential profile of an elite performer.
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Additional Findings
Number of Touches
The application of dribbling a soccer ball to the 30-15IFT is presented for the first time in
the current study. One aspect of face validity is the ability for a tool to be suitable to its aim. This
is especially useful when exploring a measure during initial stages of development. One of the
questions that has the potential to arise in this assessment tool is the ability for participants to
“cheat” the test by taking large touches (pushing the ball far out in front of them and not being in
control) to get to higher levels of the 30-15IFT. While this is a valid concern, the author would
suggest that the ability to do this neatly and effectively is still a measure of soccer skill. As long
as participants are following the protocol outlines for the 30-15IFT and insuring they physically
hit the lines outlined in the protocol with their foot, the measurement is deemed to still be
effective. In order to understand the general trends of how participants would accomplish the
task of dribbling a ball during the 30-15IFT, a hand-held recording device was used and the
number of touches each participant took at each level of the test was counted. Due to technical
issues with recording, only 15 participants had the entirety of their second trial of the 30-15IFT-B
recorded. However, to understand potential baseline measures for future research, the number of
touches taken was calculated for each participant at each stage of the test. Overall stages of the
30-15IFT-B, participants (n = 15) took an average of 19.9 (2.2) touches. A noticeable transition
occurs between speeds 15.0 km×h-1 and 15.5 km×h-1 with touches decreasing by an average of 1.9
touches with fourteen of the fifteen participants still engaged in the testing (Figure 6). Similarly,
it is noteworthy that the standard deviation decreased as the speed increased throughout the test
(Table 4). This suggests that as speed increase, the variation in touches per player decreases.
However, as speed increases, the number of participants simultaneously decreases and hinders
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the ability to make statistical inferences. Additionally, eight of the fifteen participants could not
complete stage 16.5 km×h-1 while dribbling a ball. Further exploration of this information is
necessary across multiple trials, different genders, ages, playing positions, and those in elite and
sub-elite categories.
Grit Measures
There was a very weak correlation between grit scores (M = 47.17, SD = 5.22) in the 3015IFT (r = - .05) and the 30-15IFT-B (r = .10) demonstrating little relationship between grit
measures and performance outcomes (Figure 7). Several factors may impact and influence grit
score outcomes. Grit was defined by psychologists Duckworth, Peterson, Matthews, & Kelly
(2007) as perseverance and passion for long-term goals. It is valuable to note that the evaluation
of grit happens over a long time. The following study evaluated individuals over a short period
of time and may not apply to this test. It is suggested that perhaps a better application of the grit
scale would be an evaluation of an individual’s change in performance over time in relation to
grit score. This could be an invaluable tool in the future concerning talent identification. Because
it has been hypothesized that the Grit Scale could be used in talent identification due to
longitudinal prediction and retention information shown across a range of disciplines (43), the
ability to identify talent and grit would be vital, especially at the youth levels. As a significant
number of resources are being used in youth and elite academy systems around the world (85).
Understanding which individuals have the physical, technical, and psychological tools to be
successful over the long term could help shape the future and finances of talent identification.
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Limitations
Potential limitations of this research include the nature of the testing environment and it
is suggested that the interpretation of this data consider weather and turf conditions.
Additionally, because participants were from one team, potential data regarding psychological
measures (grit) may have been impacted because of team and peer expectations to not give up or
quit during fitness testing. Furthermore, players could hear VIFT score and had access to HRpeak
data while running the trials, which could have an impact RPE results. Lastly, because all
subjects were female and had a mean age of 19.46 (1.22) years, the usefulness of the 30-15IFT-B
across all age groups and genders is unknown.
Suggestions for Future Research
Further research should be conducted to determine the amount of variability that occurs
over multiple trials of the 30-15IFT and if repeated exposures of the 30-15IFT demonstrate a
generally positive trend in scores. This would help answer the question if changes in VIFT scores
are a result of fitness changes or because of other factors and at what point repeated exposures no
longer have an effect.
Additionally, future research should identify the usefulness of the 30-15IFT-B and its
ability to determine talent among different playing groups (elite and sub-elite), genders, ages and
other sports. While self-reported grit was determined to not have a strong relationship with
performance, future research should seek to understand if there is any relationship between
psychological measures and performance in the 30-15IFT-B over a long period of time.
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Additional Tables
Table 4. Descriptive information for number of touches at each stage of the 30-15IFT-B
St. Dev
Speed (km・h-1) Number of Participants Mean Number of Touches
8.0
15
20.7
5.7
8.5
15
22.4
5.6
9.0
15
20.7
5.3
9.5
15
20.6
5.3
10.0
15
19.3
4.6
10.5
15
20.3
4.3
11.0
15
20.8
4.4
11.5
15
20.4
5.4
12.0
15
20.1
4.7
12.5
15
19.5
4.3
13.0
15
19.9
4.2
13.5
15
20.0
3.5
14.0
14
20.8
3.5
14.5
14
20.5
3.0
15.0
14
20.1
3.2
15.5
14
18.2
3.9
16.0
13
17.5
2.2
16.5
12
17.7
2.5
17.0
4
18.5
2.1
17.5
2
14.0
1.4
18.0
1
13.0
NA
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Additional Figures

Figure 5: This graphic is from Impellizzeri and Marcora (2009) where they created the
following theoretical model for soccer performance.
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Figure 6: This figure represents the number of touches and participants at each stage of the 3015IFT-B.
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Figure 7: Grit score correlations with final performance measures of the 30-15IFT (r = - 0.05),
and 30-15IFT-WB (r = 0.10).
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V. Discussion
30-15 Intermittent Field Test
These investigations were conducted to evaluate the reliability and validity of the 3015IFT over three trials in female soccer players. With the prevalence of the 30-15IFT being used at
the highest levels of elite women’s soccer in America, including the National Women’s Soccer
League (NWSL) and the US women’s national team, the necessity of ensuring that this is a valid
and reliable in this population is increasingly valuable (personal communication; Leah Fortune
and Aubrey Bledsoe). While previous studies have established the reliability, usefulness, and
validity of this protocol, no one had looked at the reliability and validity of this protocol over
three trials.
We demonstrated that the 30-15IFT is a valid and reliable measure in women soccer
players. Yet, it was noteworthy that after each trial there was an incremental change in
performance. Between two trials, these changes were not meaningful regarding performance.
However, over the course of three trials, these changes were meaningful changes. We are unsure
why these changes occurred and possible explanations include increased knowledge of the test,
changes in fitness over time, increased or decreased motivation, environmental factors, or other
possible factors. Further understanding of why these changes occurred would be valuable for
future research to ensure that the 30-15IFT is truly assessing intermittent fitness. This is especially
valuable in environments that are using this protocol as a fitness standard that must be achieved
in order to play or for acceptance onto a team. If multiple exposures to the protocol allow for
incremental increases in performance that are unrelated to intermittent fitness, those with less
experience with the protocol would be at a disadvantage relative to those with more experience.
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30-15 Intermittent Field Test with a Ball
A technical element was included in three additional trials of the 30-15IFT to explore the
possibility of the usefulness and reliability of the 30-15IFT-B as a potential tool for talent
identification in soccer. There are few useful protocols in talent identification that allow
practitioners and coaches to simultaneously evaluate one or more measures of soccer
performance. By incorporating a technical element into an already established field test that
measures aerobic fitness, we are hoping to create a measure that involves both fitness and skill.
However, to state that this protocol measures either fitness or skill would be inaccurate. It is
impossible to parcel out what role each of these measures play in performance within this test.
We would suggest that we are seeking to measure something different altogether, which is the
complex relationship between fitness and skill that is necessary for soccer performance. This
study demonstrated that the 30-15IFT-B was reliable over three trials.
In conclusion, the 30-15IFT is a valid and reliable measure for assessing physical fitness in
women’s soccer players and it has the potential to be a useful tool for talent identification in
soccer.
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B. Permission to Use the 30-15IFT Graphic and Protocol
From: Martin Buchheit
Sent: Wednesday, March 4, 2020
To: Kathleen Paulsen
Subject: Re: 30-15 IFT Copyright and Information
Hi Kathleen and thanks for the message
Of course, feel free to use the test as you wish, as long as you cite the appropriate reference,
happy days 😊
Have you seen the app? https://30-15ift.com
Cheers
On Wednesday, March 4, 2020 Kathleen Paulsen <kpaulsen@jbu.edu> wrote:
Martin,
I emailed you a few years back in order to get your audio file in order to run the 30-15 IFT with
my team. I had heard from friends in the US Women's National Team pool that this is something
that they were starting to use for fitness standards.
I am in the process of writing my dissertation for a PhD in exercise science at the University of
Arkansas and one of the fields that I am interested in was creating a useful tool for talent
identification in soccer. However, as I looked at many of the tools currently in use, very few of
them combined the physiological and technical components of soccer. I started looking for
something that was 1) being used at the highest level of women's soccer 2) had been shown to be
useful, reliable, and valid 3) and could combine a technical element with ease. Your fitness tests
is one of the few tests that made sense to add a technical element (dribbling a soccer ball)
because of the zones, the distance for dribbling (40 m vs 20 m), and the current use and
knowledge of the test in soccer.
I know that you have a copyright regarding the use and distribution of your explanation for the
30-15 IFT. Would you give me permission to use your graphic for my explanation of the
protocol in a manuscript that we plan to submit for peer-reviewed publication in the coming
months? Let me know what the requirements for this permission to reprint would be.
Thank you for your time,
Kathleen Paulsen
Head Coach - Women's Soccer
John Brown University
kpaulsen@jbu.edu
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